Developmental regulation of asparagine-linked oligosaccharide synthesis in Dictyostelium discoideum.
In the preceding report we demonstrated that the expression of two developmentally regulated alpha-mannosidase activities is induced in Dictyostelium discoideum during its differentiation from single-cell amoebae to multicellular organism (Sharkey, D. J., and Kornfeld, R. (1991) J. Biol. Chem. 266, 18477-18484). These activities, designated membrane alpha-mannosidase I (MI) and membrane alpha-mannosidase II (MII), were shown to have several properties in common with rat liver Golgi alpha-mannosidases I and II, respectively, suggesting that MI and MII may play a role in the processing of asparagine-linked oligosaccharides in developing D. discoideum. In this study we analyzed the structures of the asparagine-linked oligosaccharides synthesized by D. discoideum at various stages of development to determine the timing and extent of asparagine-linked oligosaccharide processing. Cells were labeled with [2-3H] mannose, and then total cellular glycoproteins were digested with Pronase to generate glycopeptides that were fractionated on concanavalin A-Sepharose. Glycopeptides from each fraction were digested with endoglycosidase H, both before and after desulfation by solvolysis, and the released, neutral oligosaccharides were sized by high pressure liquid chromatography. At early stages of development, D. discoideum contain predominantly large high mannose-type oligosaccharides (Man9GlcNAc and Man8GlcNAc). Some of these are modified by GlcNAc residues attached beta 1-4 to the mannose-linked alpha 1-6 to the beta-linked core mannose (the "intersecting" position), as well as by fucose, sulfate, and phosphate. In contrast, the oligosaccharides found at late stages of development (18-24 h) have an array of sizes from Man9GlcNAc to Man3GlcNAc. These are still modified by GlcNAc, fucose, sulfate, and phosphate, but the percent of larger high mannose oligosaccharides that are modified with GlcNAc in the intersecting position decreases after 6 h of development, in parallel with the decrease in the intersecting GlcNAc transferase activity. Similarly, the changes in the size of asparagine-linked oligosaccharides synthesized during development correlate well with the appearance of MI and MII activities and suggest that these developmentally regulated alpha-mannosidase activities function in the processing of these oligosaccharides. This is supported further by the observation that oligosaccharide processing was inhibited in late stage cells labeled in the presence of either deoxymannojirimycin, an inhibitor of MI, or swainsonine, an inhibitor of MII.